Neuroticism and conscientiousness have emerged as key concepts in understanding health and thriving as individuals age, but various conceptual misunderstandings and methodological deficiencies have impaired progress. Personality traits are not analogous to health threats such as infectious microbes or dangerous behaviors or environmental toxins; rather, they can capture biopsychosocial processes across time. This article examines how healthy neuroticism and unhealthy neuroticism play out in differing environments and how these concepts can help clarify and explain the important variability in health and longevity that emerges in middle age. Progress in utilizing personality to improve public health ultimately will depend on the precise study and full specification of causal models, including pathways across time and clear description of unambiguous outcomes.
only add in questions about feeling helpless but also move into more behavioral aspects such as disturbed appetite, disrupted sleep, and lethargy. Because many assessments of physical health and thriving likewise rely on reports of distress, illness symptoms (tiredness, loss of appetite), failure to thrive, and pain, there are endless possibilities for confounding. Most notably, subjective well-being and related notions of happiness depend heavily on such reports, whether self-reports of anguish and pain or observer reports of negative emotions and signs of discontent and failures to thrive. Not surprisingly, neuroticism is highly inversely correlated with subjective well-being, especially hedonia (DeNeve & Cooper, 1998; Steel, Schmidt, & Shultz, 2008) . Self-reported health also often relies on similar assessments, of accomplishment, pep, and vigor, and it is also inversely correlated with neuroticism, and so, it is easy to assume that neuroticism somehow directly causes poor health and well-being, but it has long been noted that such findings are misleading or even meaningless (Costa & McCrae, 1987; Goodwin & Engstrom, 2002; Smith, Avis, & Assmann, 1999; Watson & Pennebaker, 1989) .
As an antidote to these assessment challenges, there is a good theoretical and empirical reason to use multiple validated outcomes in the field of personality and health . Much clarity is achieved when the following six or so dimensions of healthy aging are distinguished: (a) physical (medical) health as assessed by formal disease diagnosis; (b) subjective well-being and related aspects of happiness and mental health (via self-report and friend report; see also Mahaffey, Watson, Clark, & Kotov, 2016) ; (c) cognitive function, namely, the ability to think clearly and remember (tested); (d) social competence, that is, successful engagement with others; (e) productive function (contributing to society, via employment, formal volunteer work, and/or significant domestic responsibility); and (f) longevity (Aldwin, Spiro, & Park, 2006; Baltes & Baltes, 1990; Friedman & Martin, 2011; Fryback et al., 2007) . These six health outcomes are highly correlated with each other but understanding causal links often depends on distinguishing among outcomes. That is, these various health outcomes share some underlying causes but also differ in some causes and consequences. In particular, subjective well-being (and self-reported health) is a very poor stand-in for physical health and longevity when studying causal relationships, even though all these elements are intercorrelated.
Another threat to understanding neuroticism and health arises from the very common emphasis on particular diseases. Many years ago, Friedman and Booth-Kewley (1987) noted the conceptual dangers and traps of focusing on a single trait such as neuroticism and a single disease outcome, thus ignoring the basic principle of a multitrait multimethod approach to validity (Campbell & Fiske, 1959) , but searches for narrow psychological causes of specific diseases continue. (See, e.g., Schapiro et al., 2001 , and similar studies showing no association between neuroticism and cancer risk.) If it later emerges that the same single aspect of personality equally predicts other diseases, medical researchers and clinicians may proclaim "comorbidity"-the occurrence of two or more disorders or diseases in the same person, implying the need for distinguishing origins. In fact, it is usually better to approach these matters in terms of a more general disruption in bodily homeostasis, whether by unhealthy behaviors, genomic factors, social disruption, infections, toxins, or some combination thereof (Goodwin & Friedman, 2006) . Beyond these challenges to teasing out the causal influences necessary for designing effective interventions, the study of neuroticism and health is plagued by patient (subject) selection artifacts. Because neurotic individuals are more sensitive to pain and are more likely to complain about it than people who are very content and emotionally stable, neurotics are more likely to have diagnostic tests and be prescribed certain medications. For example, neurotics with chest pain are more likely to have tests such as angiograms (compared with those who are more stoic). With nonneurotics not in the sample, there is bias in the relationship between neuroticism and disease (such as artery occlusion) that emerges (Czajkowski, Chesney, & Smith, 2009; Friedman, 2011) . That is, invasive procedures and medical tests are less likely to be done on a noncomplaining sample or a random sample, and so, those with (undiscovered) disease who are low on neuroticism are left out of the study. This can change the observed direction of the relationship between neuroticism and disease from positive to negative, or negative to positive-a classic selection artifact (Czajkowski et al., 2009; Friedman, 2011) .
Other serious and often-overlooked analytic threats to understanding the relationship between neuroticism and health come from studies of centenarians. Only a tiny percentage of people live to age 100 and such individuals are unlikely to be relevant to understanding the variations between those who die at age 50 versus age 70. Also, importantly, people change over the decades, and so, a health-relevant personality in the first 5 decades of life is not necessarily the same personality half a century later. In fact, people generally become less neurotic as they age, and so, it is not surprising that studies of very old people tend to find low levels of neuroticism. However, the low neuroticism in old age did not cause them to reach old age. Cross-sectional studies of the extremely old may help uncover some genetic or other biological hints relevant to healthy aging but can be a red herring for understanding personality and health (Carstensen, 2006; Martin et al., 2006; Reed & Carstensen, 2012 ).
Neuroticism and Health
Neuroticism is correlated with (worse) health, especially when health is broadly construed to include psychosocial and subjective well-being aspects but exclude longevity. For example, consider the Midlife Development in the United States Survey, a nationally representative sample of 3,032 adults. On the more mental health side of health, neuroticism was reliably correlated with depression, alcohol abuse, and debilitating anxiety and panic disorders. On the more physical side of health, neuroticism was higher among respondents with skin problems, sciatica, urinary problems, ulcers, asthma/respiratory disease, and other lung problems, compared with those without (Goodwin & Friedman, 2006) . In a 4-year study of personality and cumulative illness in patients 65 years and older, higher neuroticism (and lower conscientiousness) was associated with higher average illness burden (Chapman, Roberts, Lyness, & Duberstein, 2013) . A longitudinal study that looked across 4 years found that (higher) neuroticism and (lower) conscientiousness predicted the risk of disease onset (Weston, Hill, & Jackson, 2015) . In a study of twins, those high in neuroticism earlier in life were more likely to report 13 different physical health conditions (including ulcers, chronic fatigue syndrome, and coronary heart disease) 25 years later (Charles, Gatz, Kato, & Pedersen, 2008) . In This document is copyrighted by the American Psychological Association or one of its allied publishers.
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that study, familial influences were strongest for conditions related to systemic pain; this points to some genetic influences between neuroticism and these pain experiences, as contrasted to the influences on health that come more from health behaviors such as smoking. A series of projects based on longitudinal study of over 5,000 British adults, with a focus on health behavior, revealed the interactive and reciprocal effects of neuroticism (and other traits) and alcohol, physical activity, obesity, intelligence, and health across decades (Cheng & Furnham, 2013a , 2013b . Finally, studies on cognitive impairment (an understudied topic but one of the six key outcome criteria noted previously) have shown (higher) neuroticism (and lower conscientiousness) reliably predictive of cognitive decline, independent of key demographic and behavioral controls (Terracciano, Stephan, Luchetti, Albanese, & Sutin, 2017; Terracciano et al., 2014) . Given these findings, when and why is neuroticism causally relevant to health? Core insights have emerged from research on antisocial behavior and conduct disorders ("juvenile delinquents")-adolescents with deep-seated problems in the selfcontrol of emotions that lead them into significant conflict with social and societal norms. Such persons are usually low on conscientiousness and high on neuroticism and, if not remediated, progress to a wide array of unhealthy outcomes (Clausen, 1991; Jokela, Ferrie, & Kivimäki, 2009; Maughan, Stafford, Shah, & Kuh, 2014) . For example, especially when paired with low conscientiousness, neuroticism is a meaningful correlate of psychopathology and substance abuse (Kotov, Gamez, Schmidt, & Watson, 2010) .
In a fascinating twist, studies of longevity-usually the most reliable, valid, and important health outcome-find inconsistent links with neuroticism. Some studies and reviews find little or no association with mortality risk (Almada et al., 1991; Batty, Jokela, Kivimaki, & Shipley, 2016; Iwasa et al., 2008; Jokela et al., 2013; Taylor et al., 2009) , whereas others find a negative association (Korten et al., 1999; Taga, Friedman, & Martin, 2009; Weiss & Costa, 2005) or a positive association (Christensen et al., 2002; Denollet et al., 1996; Shipley, Weiss, Der, Taylor, & Deary, 2007; Terracciano, Löckenhoff, Zonderman, Ferrucci, & Costa, 2008; Weiss, Gale, Batty, & Deary, 2009; Wilson, Mendes de Leon, Bienias, Evans, & Bennett, 2004) . These mixed findings point toward the importance of examining interactions with other personality traits, the stage of life, and the social environments (Shanahan et al., 2014; Smith, Baron, & Grove, 2014) , and they reveal the futility of studies that mindlessly look for correlations between personality and health without specifying comprehensive causal models Friedman, Kern, Hampson, & Duckworth, 2014) . That is, the risks of high neuroticism are not the whole story. There is also substantial evidence that neuroticism can sometimes be health-protective.
Healthy Neuroticism
In a study of over 1,000 Medicare patients and all-cause mortality across 5 years, NEO Five-Factor Inventory (NEO-FFI) neuroticism was protective (Weiss & Costa, 2005) . This findingespecially striking because mortality was the outcome-is consistent with other studies that find that more neurotic individuals stay healthier or live longer. For example, in a prospective study of community-dwelling elderly individuals, neuroticism (from the Eysenck Personality Questionnaire) was protective, especially for men (Korten et al., 1999) . A complementary finding emerged from a long-term study of personality and mortality risk, in which neuroticism in young adulthood was significantly associated with decreased mortality risk among men who were later widowed (but not among women or among married men who were not widowed; Taga et al., 2009 ). Worrying and distress sometimes lead to subsequent beneficial health behaviors, such as adherence to medical care and greater avoidance of substance abuse when facing life change. Other studies find no association between neuroticism and mortality risk, further suggesting that it is overly simplistic and misleading to assume that neuroticism is playing a direct causally harmful role in illness (Huppert & Whittington, 1995; Iwasa et al., 2008; Mosing et al., 2012) .
In light of these sorts of findings, Friedman (2000) proposed the concept of a healthy neuroticism. If the vigilance and worrying concern of neuroticism are paired in the right circumstances with the prudence and responsibility of being conscientious (or with beneficial attentiveness), then healthy patterns may be the result. Some evidence does indeed suggest that individuals high on both neuroticism and conscientiousness may be less prone to chronic inflammation (as measured by interleukin 6, a potent cytokine; Turiano, Mroczek, Moynihan, & Chapman, 2013) . Some of this association was accounted for by adjustment for health behaviors.
It is therefore also important to consider neuroticism in terms of what occurs after a disease or special challenge. In one large study many years ago, Type A men followed after a heart attack were less likely to die during the subsequent dozen years (Ragland & Brand, 1988) , as perhaps these worried Type A patients worked especially hard at their treatment regimen. Confirming the idea of this sort of healthy neuroticism, high levels of neuroticism (when paired with high levels of conscientiousness) predicted less smoking after the onset of a major chronic disease . Furthermore, a large-scale study of neuroticism and mortality determined that neuroticism was predictive of lower mortality risk in those people with fair or poor self-rated health and that higher scores on a facet of neuroticism related to vulnerability and worrying were associated with lower mortality risk (Gale et al., 2017) .
Although traits can clearly predict health and traits capture biopsychosocial processes that play a causal role in health, traits are not at all analogous to health threats such as infectious microbes (e.g., the zika virus) or dangerous behaviors (e.g., racing on a rain-slicked highway) or environmental threats (e.g., eating pesticide-contaminated food). Terms such as toxic trait endeavor to capture some medical standing but ignore the situational contexts and longitudinal trajectories, thereby misunderstanding the basic idea of a personality trait. Further, there are cultural, subcultural, and individual differences in the extent to which anxiety and distress can be seen as appropriate, meaningful, and valuable (Luong, Wrzus, Wagner, & Riediger, 2016) . A comparably complex picture plays out in the study of anxiety and subsequent blood pressure, with some studies suggesting that (higher) anxiety predicts lower systolic blood pressure (Tikhonoff et al., 2014) . It is, however, very difficult to tease apart all the causal contributors and processes. Although anxiety and especially depression are correlated with and often predict inflammatory markers such as the C-reactive protein, this is often mediated by health behaviors such as smoking (Duivis et al., 2015 ; see also a review showing smokThis document is copyrighted by the American Psychological Association or one of its allied publishers.
ing as a partial mediator of links between neuroticism and mortality risk: Graham et al., 2017) . Subtle biological processes wax and wane across the months. Screening individuals to find those who are high on neuroticism and low on conscientiousness can be a good first step at finding those who may be at a high risk for poor health outcomes as they move through middle age into early old age. However, it is important not to repeat the mistakes of the past and gloss over detailed attention to the mediators-the causal links-between personality and health. Individuals low on conscientiousness and high on neuroticism are also reminiscent of those troubled, immature people characterized by the Socialization (originally "Delinquency") scale of the influential California Psychological Inventory (Gough, 1994) . Vaillant (2012) , in his 7-decade study of Harvard men from the 1940s, uncovered a kind of motivated maturity he called being "well-integrated and self-driving" (p. 249), which indeed predicted longevity. People who are emotionally stable, agreeable, and conscientious are also those who show a greater investment in family, work, religion, and volunteering (Lodi- Smith & Roberts, 2007) .
Stress
An unfortunate conflation of the popular term stress with the scientific definition of stress has often led to misleading and even life-threatening advice. Neurotic individuals score higher on perceived stress, as David Watson and James Pennebaker presciently warned decades ago (Watson & Pennebaker, 1989) . However, the stress that is unhealthy is chronic stress, perhaps better termed chronic homeostatic disruption, which often can be measured simultaneously at behavioral, psychological, and biological levels. This distinction has also long been recognized by researchers of the psychobiology of stress, dating back to Walter Cannon (1932) and Hans Selye. Selye discussed "eustress," namely, the challenges that lead to growth and thriving (Selye, 1922 (Selye, /2013 . More recently, Bruce McEwen documented why the "stress response" is a component of resilience and not necessarily negative. It is only when brain circuits become chronically overloaded and lose their plasticity that health is threatened (McEwen, 2006; Karatsoreos & McEwen, 2013) .
The Million Women Study and Healthy Aging
One of the most reliable studies of relevant matters is the so-called Million Women Study, a longitudinal investigation of a huge sample (Liu et al., 2016) . Hundreds of thousands of middleaged women were asked about their levels of relaxation, happiness, and "stress," and they were then followed for about a decade to see who died. As noted above, mortality outcome is not distorted by self-report and in fact is the best single measure of health, which is why public health organizations around the world focus on life expectancy .
In some analyses in this landmark study, the women who already had life-threatening diseases at entry were excluded, because they already had a good reason to report being more stressed and less relaxed. That is, those with preexisting cardiovascular disease, cancer, or lung disease were excluded from core longitudinal analyses, as these are health-impairing and well-beinglowering diseases that together account for more than three quarters of noninjury deaths in middle-aged individuals in Western societies. Many other statistical adjustments were also done, made possible because of the very large number of participants. Importantly, the study also analyzed subsequent mortality risk as a function of happiness among women reporting being in good or excellent health at baseline. The interquartile age range was 55 to 63, so this is a middle-aged sample approaching old age, well suited for a focus on healthy aging.
The results of this immense prospective cohort study found no evidence that feeling relaxed, feeling unstressed, or happiness itself reduces cardiac risk, cancer risk, or overall mortality across the key years of middle age. The study did confirm the welldocumented raw association between subjective well-being and health (i.e., health and happiness are correlated at any given time) but points to behavioral patterns and life trajectories as being the place where future efforts should focus (see also Finch, Baranik, Liu, & West, 2012; Human et al., 2013; Ryan & Deci, 2001; Turiano, Chapman, Gruenewald, & Mroczek, 2015) .
Anxiety, Depression, and Health: Reverse Causation and Third Variables
Although many diseases are associated with higher levels of anxiety and depression, the causal pathways are often not as is usually assumed. In many instances, anxiety and/or depression are not only significant correlates of illness but also significant results of disruptions of homeostasis. For example, symptoms of traumatic brain injury include irritability, anhedonia, concentration difficulties, sleep irregularities, lethargy, and depression. These same symptoms result from infections (like the flu) and other sources of immune system disruptions with increases of proinflammatory cytokines (Kemeny, 2011) . In such cases, the disease or injury is causing the worrying, anxiety, and depression.
When full causal models are not elaborated, puzzling results often emerge. For example, treating depression in recent heart attack patients does not reduce the risk of death or second heart attack (Berkman et al., 2003; see also Friedman, 2011; Thombs et al., 2013) . A Cochrane database review analyzing randomized trials of psychological interventions in heart disease revealed the anticipated effects on depression (reduced psychological symptoms; Whalley et al., 2011) but uncovered little indication of interventions affecting the disease process. That is, there was no reduction in the total occurrence of nonfatal infarction or death. Relatedly, a meta-analysis of depression treatments (antidepressants and psychotherapies) for improving secondary event risk among patients with coronary heart disease (Rutledge, Redwine, Linke, & Mills, 2013) again indicated that mental health treatments did not reduce mortality, although there was a small impact on coronary heart disease events. Overall, it appears that physical health, subjective well-being, and other elements of thriving and longevity are often correlated outcomes that depend on a host of life patterns. Of course, early in life, high levels of neuroticism could be a sign that things are already going wrong, especially when considered in full context (Moffitt, Belsky, Danese, Poulton, & Caspi, 2016) .
Conclusion
What role does personality play in the phenomenon that about half of middle-aged individuals will thrive for several more deThis document is copyrighted by the American Psychological Association or one of its allied publishers.
cades while the others will falter or succumb?
In particular, what is the role of neuroticism? Despite a paucity of solid evidence that interventions to treat "worrying" and negative feelings per se will generally improve health and longevity, such efforts persist, both in psychology and in popular culture. The current zeitgeist often equates worry, negative emotionality, and moodiness with stress and sees this stress as a cause of disease, even in light of considerable documentation that this is a dangerous oversimplification.
We know enough at this point to understand that neuroticism needs to be examined in terms of (a) its interactions with (combinations with) other aspects of personality, (b) the particular situations and biopsychosocial challenges each individual faces, and (c) the overall life trajectory. First, being high on neuroticism but very low on conscientiousness-unhealthy neuroticism-sometimes may be a particularly dangerous combination, leading to risk-taking and to a host of unhealthy behaviors and social disruptions. Second, in terms of the context, it is clear that the effects of neuroticism will depend on the particular situational exigencies facing the individual. Sometimes it is healthy to be worried-for example, about one's pain or obesity or social losses-and therefore seek appropriate changes or interventions. We often see healthy neuroticism (Friedman, 2000) , in which vigilance and appropriate worrying are paired in the right circumstances with the prudence and responsibility of being conscientious. Third, apprehension about one's overall life trajectory can be constructive, as deeper beneficial psychosocial actions might then be forthcoming. On the other hand, neurotic distress (typically termed anxietywith restlessness, irritability, dread) often manifests itself in ways that are known to play a causal role in harming health, including poor sleep, overeating, substance abuse (smoking, drinking, illegal drugs), and impaired social relationships, as well as disruption of psychoneuroimmunological function if the distress is strong and sustained. However, in those cases in which anxiety is associated with poor nutrition, substance abuse, and physical inactivity, then these health habits and behaviors themselves can sometimes be the primary targets for improving health.
That is, if distressful rumination, emotion-focused coping, and social isolation are reactions to a challenge, then interventions that target subjective well-being alone may very well prove ineffective. Instead, full causal models should be specified, so that the most promising pathways can be examined. For example, both epidemiological and experimental studies well document that physical activity will improve both mental health and physical health. On the other hand, if an individual's anxiety and depression are caused by elevated inflammatory cytokines from chronic infection, or by sleep disturbances, or by brain injury, then antidepressants and psychotherapy for chronic anxiety may again be missing the boat. This issue of reverse causation-in which physical health is affecting personality-is clear when stated this way but is often misinterpreted when the focus is narrowly directed to the correlations between neuroticism and health.
Taken in total, this analysis suggests that life patterns across many years need the most attention to promote healthy aging. Using knowledge of personality to improve health involves changing a course or trajectory Mroczek & Spiro, 2007) . We know that adults who are thriving at meaningful work, who are advancing in their maturity and wisdom, and who are well-integrated into healthy personal relationships and healthy communities are those most likely to stay healthy, productive, and alive (Friedman & Martin, 2011; Vaillant, 2012) . The stronger these elements become, the more they reinforce each other and protect against internal or external shocks, but different facets are more important for different individuals. These are the most promising ways to help people thrive through their 50s, 60s, and 70s.
The concept of neuroticism thus offers both opportunities and warnings for studying and implementing improvements to health as people age. Because personality is clearly influenced by biological, psychological, and social components and experiences, neuroticism fits nicely with emerging biopsychosocial approaches to health interventions. Until we better understand which aspects of neuroticism, at which times in life, and in which circumstances are most important to health and thriving, we can proceed in ways that simultaneously test the interventions and refine the concepts. One promising place to start is with societal programs already thought to improve both character and adaptation, such as community gardens, neighborhood improvement initiatives, charitable and organized-volunteer groups, theater and arts societies, 12-step self-help groups, and amateur sports teams and leagues. With experimental and quasiexperimental research designs in the short term, paired with longitudinal studies with careful observational tracking of individuals across the years, the core targets for improvement can be discerned. That is, when these common societal programs "work" and produce better health, we need to distill which elements and patterns are key.
A promising complementary research technique combines existing and newly refined longitudinal data from different data sets to utilize personality concepts to help distill healthy pathways across the decades. For example, one analysis integrated data from the Terman Life Cycle Study and the Hawaii Personality and Health Longitudinal Study (two long-term archival prospective studies) to show how samples from different cohorts and ages can be linked to examine life span theories of personality and health (Graham et al., 2017 ; see also Kern, Hampson, Goldberg, & Friedman, 2014) .
The role of individual differences in health is complicated but that does not at all mean that it is unwieldy. Knowing that someone is high on neuroticism and low on conscientiousness may be quite informative from both a public health and medical care perspective but not necessarily as a traditional risk factor needing psychotherapy or permanent medication. In fact, often the opposite will be true, as interventions to increase physical activity, reduce substance abuse, improve social and community ties, and increase self-control and executive function will also lessen the detrimental aspects of neuroticism.
The temptation always exists to reduce psychosocial aspects of health to a biomedical analysis, even though the biopsychosocial approach came to prominence to address the serious deficiencies of a narrow biomedical approach. As I have repeatedly argued, health researchers and clinicians often think they are asking the question "Why do people become ill?" when they are really studying "Who becomes ill?" There is astounding variability in susceptibility to illness and in the likelihood of recovery, but personality is not a "health risk factor" such as smoking. Fortunately, we have many of the tools to address these matters. This document is copyrighted by the American Psychological Association or one of its allied publishers.
